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© Lubricant compositions providing wear protection at reduced phosphorus levels. 

(w> An additive composition suitable for blending passenger car and heavy duty oils comprising (a) rinc 
cTaikyldithioohosDhate having both pr.mary and secondary character such the primary to seconary ratio is about 
1-1-0 about 5-1 said zinc dialkvldithioohosohate being present in an amount sucn that a luoncaong oil 
-ontammg an effective amount of the aaditive composition w.il have a phospnorus level not greater than about 
0.1 *f.: ib) a succ:nim.de aispersant: tna (c) a total base number such that a lubricating oil containing an 
effective amount of the aaditive composition will have a TBN of at least 8. 
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LUBRICANT COMPOSES PROVING WEAR PROTECTS AT REDUCED PHOSPHORUS LEVELS 



BackGrcunri of the Invention 



Field of the Invention 



„i tinn that is useful as a lubricant additive. In 

The present invent.cn ,s directed to a novel ^^^J Qn that , s charactenze d by ant,wear 
particular, the present ,nvent,on rentes to a ubr cant f levQls . More particuiarty . the invention 

and fr.ct.on retention crooert.es wh.ie 0ll additive compos.tion (i.e. one that 

relates to formuiat.cn of a so-called universal r m ^ ^ 
w,ll result in a lubncant meeting the ^u-remem of ^ ^^ phos ; hllte 8 having both pnmary and 
has reduced phosoncrus and wh.cn compr.ses «jnc d.alkyia tn.op 
secondary character in comomation w,th a succ.n.m.de d.spersant. 



is Description of the Prior Art 

u „«„h««» and diesel have many moving metal parts wherein metal 
interna! combustion eng.nes. both 9»oi.ne and diesel. ^ * « associated with 

slides agamst metal, resulting in metal ^^^^^^^J^ ,n such wear. However, 
moving parts that contact one another, lubricants arc . used to ^prc . ^ 

20 high rates of wear are found in internal ^^Z^^^T^r can take place in heavy 
cvlinder wall surfaces of internal combustion engines. Relatively mgn a Qhi , lQC 
dC eng-nes sucn as marine ciese. engines, and engines employe, .n rn*£n* ■ - 

Ubricatmg oils, particularly m.nerai oi.s. 
dunng the, use in internal combustion S uch sludge-like materia, occurs 

25 which agglomerate to form s.udge-i.ke ^depo its ^"^VlVcold nvironments which are present in 
when the crankcase .ubncant is ^"ZlVot fue. combust.cn products, unburned fuel. 

^sszzstt -^Tnot — * -—n « - * 

w,„ deoos.t on engine ^™<£^ZZZ ^SSS^L to minimize detenoraton 
Various aaditives and additive ro ™^» *™ J£ over . based metal long chain alky, substituted 
and to enhance performance. Sucn mater.als. as neutral » y detergents 

sulfonates, phenates. 

anovor Ge ^ ent - a ' SDersantS nn ^^ ,ong chain alkenyl succ.nim.des. high-molecular 

function and one or more polar funct.ons ' ^ d DOlvesters . and amine salts of high- 

3S weight amides and, po.yam.des. ^^-^ IZI ^ * an to disperse the cold sludge 
molecular weight organic acids, have been added as asn.es >J^ e J opnosp M hates . metal dithiocar- 

« ° ~ » ^ — proMrtM 

o, me <==-P««- disc , oses me , m p rovem en t of .he lubricating propels of a lubnca«ng 

In U.S. Patent j.aoo.-^o. 'uy« combined boron esteralkenyl succinic acid 

oil by incorporating therein a boron-conta.n,ng ^*^ C ^ rising the rea ction of a po.yhydroxy 
ester of a polyhydric alcohol that .s 

so — — — — ■ 

- uTSem^^S. Br^d discloses lubncant compos.tions conning esters of 0.0-diorgano-S-< 2 - 

hydroxya.ky.) phospnorodithioates. wh.ch are antioxidants and corros,on ^ n 

, ,.o * c;=-rqAii Morodv^kv discloses the use or certain uu.u H 
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-staining reaction orocuc:s as -ant.ox,can:s and antifriction agents m lubr.car.ts ana fue.s. 
" m US Patent 4 534 873. Clarx cisccses a fnct.on-reauc.ng aaamve rcr .jse ,n lucncating ons. The 
additive comonses a hyarocarccn c.l of lubricating viscosity, an extreme cressure antiwear agent, an 
alkaline material such as an overoasea caiaum sulfonate, a v.scos.ty inaex .mproving agent, and optionally 
an ant.foam agent and an antioxidant agent. Clark teaches that the antiwear agent ccmpnses a mixture of an 
o.i disoersion of solid, inorganic fiim-forming potass.um borate, antimony ciaikylphosphcrodith.oate. and a 
liquid chlorinated caraffin. 

In US Patent 4 431 552. Salentine discloses a lubricating oil comoos.tion having improved wear 
properties, wnich composition comprises an oil of lubricating v,scos.ty having cispersed therein a hydrated 
aikali-metal borate extreme-pressure agent and an effective amount of a mixture of a non-sulfur-contain.ng 
phosphate, a monothiophosphate. and a cithiophosphate. the mixture of phosphate, monophosphate, 
and diphosphate being in the ratio of 0.90-10:0.90-1 .10:0.47-0.67. 

In U S Patent 4 368 129. Hyrodysky, et al.. disclose a lubricating oil conposition comprising an oil ot 
lubricating' viscosity and a minor amount of a multifunctional additive consisting of the metal salt of a 
partially boratea. partially phosohosulfurizea hydroxyl-containing ester derived from a polyol. e.g.. a zinc 
salt of boratea. partially phosphosulfunzed glycerol monooleate. The additive is an effective fnction- 
reducing, antioxidant, and copper strip passivating additive in lubricants. 

Occasionally, certain additives will deieteriously affect the ability of certain other additives to perform 
their normal function. For example, overbased Group II metal hydrocarbyl sulfonates are effective deter- 
gents or dispersants and normal metal salts of dihydrocarbyldithiophosphor.c acids are suitable antiwear 
additives. However, when these two additives appear in the same lubricating oil. the presence of an 
overbased Group II hydrocarbyl sulfonate will tend to deieteriously affect the effectiveness of the normal 
metal salts of the dihydrocarovldithiophosphonc acids to provide sufficient wear protection in the internal 
combustion engine which employs that particular lubricating oil as its lubricant, in U.S. Patent 4,483.775. 
Yamagucni discusses this problem and suggests that the detrimental effect of the overoased calcium 
hydrocarbyl sulfonates on the wear of metal parts in the internal combustion engine can be overcome by 
adding to the lubricating oil containing these materials an effective amount of a complex prepared by 
reacting an insoluble metal salt of a diisopropyl dithiophosphoric acid with an oil-soluble aikenyl or aikyl 
mono-or bis-succ:nimide in specific amounts. 

In U S Patent 4 483 775. Yamagucni also points out that there is another problem that is associated 
with the use of phosphorus-containing additives in lubricating oils. The phosphorus can have a deleterious 
effect upon the catalysts that are employed in the emissions control systems of internal combustion eng.nes 
of automobiles. Hence, if the overbased metal hydrocarbyl sulfonates tend to offset the effectiveness of the 
metal dihyorocarbyldithiophosohates. additional amounts of the metal dihyarocarbyldithiophosphates must 
be employed and such increased amounts of these additives will introauce additional amounts of phos- 
phorus into the lubricating oil. While the effectiveness of the metal dihydrocarbyldithiophosphates relative to 
its antiwear performance .s imoroved. the side result will be a reducea life for the catalytic converter system 
of the automoo.le. Consequently, the automobile manufacturers are interested in finding ways of minimizing 
the amount of the metal dihydrocarbyldithiophosphates in the lubricating oils without deieteriously affecting 
the antiwear performance provided by the lubricating oil. 

It is generally desirable to formulate an additive composition which is suitable for use in so-called 
universal or mixed fleet oils. Such an oil. by definition, is one which is capable of passing a rigorous battery 
of engine tests which measure the performance of the oil for both passenger car and heavy duty (i.e. 
diesel) applications. However, given the harmful effect on passenger car catalytic converters of phosphorus 
(which is typically introduced into the oil via the anti-wear agent zinc dialkyldithiophosphate) it would be 
particularly advantageous if an additive composition suitable for a universal oil could be formulated with 
reduced levels of phosphorus. 

Prior to the present invention, efforts to formulate a low phosphorus universal oil were unsuccessful 
primarily because of the difficulty encountered in balancing the often conflicting passing requirements of the 
various engine tests which the industry has established for passenger car and heavy duty oils. For example, 
heavy duty oils require a TBN of greater than about 8. However, because the detergent additives typ.caily 
employed to impart TBN (i.e. overbased Group II metal hydrocarbyl sulfonates) tend to reduce the 
effectiveness of zinc dialkyldithiophosphates (ZDDP) wear inhibiting agents, a higher level of ZDDP-and 
thus a higner level of phosohorus-is required to pass the wear tests for passenger and heavy duty oils. To 
i complicate matters, heavy duty oils must pass certain friction tests which measure the degree to which the 
oil impairs friction retention in the clutch, but as the phosphorus level (i.e. as the zinc dialkyldithiphosphate) 
is increased to accomodate wear performance, passing these friction tests becomes increasingly difficult. 
Our work prior to the oresent invention determined that the minimum phosphorus level in a universal oil that 
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wouid accommodate the industry's TBN. wear and rnction requirements for a universal oil is about 0.1 wt 
"a. Reducing the pnoscr.orus levei ;o Delow aoout 0.1 wt "s (i.e. by reducing ZDDP wear inhibitor) resulted 
in failing engine wear tests. 

In light of the preceeding ciscussicn. a general object of the invention is to provide an additive 
s composition which afforas passing wear protection for a universal oii at reauced phosphorus levels. Other 
oo.iects wiil aopear hereinafter. 

• 

Summary of the Invention 

We have now found that the objects of the present invention are provided for in an additive composition 
for addition to a oil of lubricating viscosity suitable for use in both passenger cars and heavy duty vehicles, 
comprising: (a) zinc ciaikyldithioohosphate having both primary and secondary character such that the 
primary to secondary ratio is aoout 1:1 to about 5:1, said mixed primary/secondary zinc dialkyl- 

;s cithiophosphate being present in an amount such that a lubricating oil containing an effective amount of the 
adaitive composition has a phospnorus content of not greater than about .1 wt. %; (b) a succinimide 
dispersant: and (c) a total base numoer (TBN) such that a lubricating oil containing an effective amount of 
said additive composition has a TBN of at least 8. Preferably, the molar ratio of primary to seconary alkyl 
groups in the zinc aialkyidithiophosphate (hereafter occasionaly referred to as "ZDDP") is within the range 

20 of about 1.7:1 to about 3.5:1 and preferably about 1.7:1 to about 4.5:1. The preferred amount of succinimide 
disoersant in the additive composition is such that will provide at least .5 wt % of the succinimide in the 
finished oil and most preferably about .5 to about 3.5 wt. %. The preferred phosphorus level in the additive 
composition is such as will provide a phosphorus level of about .06 wt.% to about .09 wt %. The preferred 
TBN of the additive is such as wiU provide a TBN in the finished oil within the range of about 8-12 and 

25 preferably about 9-1 1. it should be noted that all dispersant amounts are expressed in terms of active 
dispersant absent any ciluent. except, however, in the examples where dispersant amounts are expressed 
in terms of a 40% active material containing added diluent. 

In a preferred emoodiment. the additive composition of the present invention has a boron content 
sufficient to provide a boron level in the finished oil of within the range of about 100 ppm(wt) to about 600 

30 ppm and preferably in the range of 150 ppm to 450 pprn. 

Among the advantages of the invention is the ability to reduce the level of phosphorus required in an 
additive composition for a mixed fleet oil despite the requirement .of high TBN in such oils, which is 
necessary for passing heavy duty engine cleanliness tests, while at the same time obtaining passing wear 
performance. Reaucing the phosphorus in the oil composition benefits the catalytic converter in passenger 

35 cars. Unexpectedly, the succinimide dispersant required in the present invention is critical in accomplishing 
the reduction in phosonorus for the following reasons: In accordance with the present invention, increasing 
the secondary character of the ZDDP makes it possible to reduce the overall amount of ZDDP (and thus the 
total phosphorus required in the additive and resulting oil) without giving up passing wear performance. 
However, in an additive composition having sufficient TBN to provide TBN of at least 8 in the finished oil 

jo and having a* total phospnorus (as provided by primary ZDOP) to provide at least about .1 percent 
phosphorus in the finisned oil. the combined effect of lowering the total phosphorus and simultaneously 
increasing the seconaary character of the ZDDP, while acceptable from the standpoint of retaining engine 
wear performance, results in failing performance on the friction requirements applicable to heavy duty oils 
(i.e. the Allison C-3 ana Caterpiller T02 tests). This probelm was not entirely unexpected insofar as it is 

45 known that increasing the amount of secondary ZDDP will result in a debit in terms of frictional 
characteristics of the oil. Thus, reduction in the total amount of ZDDP coupled with an increase in the 
secondary character of the ZDDP, was not by itself. an acceptable route to reduced phosphorus in an 
additive suitable for a universal oil. given the resulting debit in friction peformance in the heavy duty tests. 
Surprisingly, in accordance with the present invention, it is only with addition of the succinimide dispersant 

so that friction tests were passed. At the present time, the mechanism for this phenomenon is not well 
understood, however, without limitation, it is believed that the succinimide interacts in some manner with the 
secondary ZDDP so as to counteract the deleterious effects of the secondary ZDDP on the frictional 
performance of the additive composition. 

55 
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Detaiieo Cescrict.cn and P-e'erred Err.cccimer.ts 

The aadit.ve compos.tion of the cresent invention must comprise (a) z.nc dialkyloithiopnosonate hav.nq 
ooth primary and seconoary character such that the pnmary to secondary rat.o (expressed "n moles "s 
wrthm the range of from about 1:, to about 5:1. ana (b) succ.n.mide disoersam. Also the total amoun of 
phosbnorus ,n the add.tive. as provided by the ZDDP. must be such that the amount of chosc^ Tpresen 
a iuor.cat.ng o,l contam.ng an effect.ve amount of the aaa.tive ,s not greater than about .1% by weight b 
he ubr,cat,n g o.l. and the TBN of the aad.tive compos.tion must be such that a lubr.cat.ng o.i containing ^ 
effect.ve amount of the add.tive composition will have a TBN of at least 8. An effective amount of the 

rasrb e oth CO h m ea POS, d°: ° f T PreS9m inVent, ° n mea0S 3 ^ ,eVe ' ln ^ ,Ubr ' Cant ~ aTow e° , ^ 
pass both heavy duty and passenger car tests. 

Of course, other components optionally may be present in the additive compos.tion For examole there 

™,^:ZZZ^ 0X ' dati0n mhib ' t0rS - ^ " m ° re det ^ e - ™ *™Zor 

overoased suifur.zed metal phenates or metal sulfonates. 

The reau.red z.nc diaikyldith.ophosphate hav.ng both pr.mary and secondary character for use in the 

leTal'TT 0 " fUnCti ° nS 35 3 C ° rrOS,0n W6ar ' nnib,t0r - TyP ' Ca "y- ^ <^Z^Z1^ 
penta uLa\nT' n9 * dlthi ° ph0Sph0r,c acid v,a a reac «° n °< a P^noi or an alcohol with phosphors 
pentasuif.de ana subsequently neutralizing the dithiophosphor.c acid with a zinc compound such as z*c 

^p!^?^^ Wei ' kn ° Wn ' n ^ " PreSented ' f ° r examp,e ' U " S - Paten d 2 2 6 T.047"d 

U.S Patent 4.483.7,5. Th.s type of dialkyidithiophosphate can be ident.fied by the alcohol that is employed 

L' S v^ eDaratl0n - " 3 PnmarV alC ° h01 15 Smpi0yed - the proauct is ^erred to as a P LZ 
d,a.ky.o.<h,ophbSbhate. On the other hand, if the alcohol ,s a secondary alcohol the zZ^JZ 
■throphosbhate ,s identified as a secbndary z.nc dialkyldith.dphosphate. Suitable pnmary alcohoL for use^n 
the preparation of the pr.mary z.nc dialkyidithiophosphate are n-butyl alcohol, n-octyl alcohol isoamvi 

,sob tvi an ° ISObUtyl aiCOhOL Suit3ble SeC ° nQ ^ a,COh0,S « isopropy, Scoho'. Z 

isobutyi carb.no.. 2;amy , alcohol, and 2-buty. alcohol. If a mixture of pnmary and secondary aicon^s is 

the term " ? I °° P * * haVm9 b ° th ^ SeCOndary the prSrJSSSo^ 

onnw nn ,T ^^^^ ha v,ng both primary and secondary character" includes anyTtSe 
SutS?,* >a ^ d,alky,di,h '°P h0S P hat e Potion obtained by m.xing a des.red amount of P n7ar^ zinl 
d alkyld,th.opnosphate w.th a desired amount of secondary zinc dialkyidithiophosphate: (b) a Lc^alkyl! 
d.th.ophospnate wh.ch resu.ts from employ.ng a mixture of pnmary and secondary alcoho,s in X 
rTmToTal^r ^^o^ve: and (c) a.z.nc dialkyidithiophosphate oZ^t ^l 
o Tb) Al o T dia,kyld,thl0ph0s P hat e ^ a ™c dialkyldithibphosphate meeting the definition 
IczLl J Pr9Sent ' nVen,,0n the term,nol °9y " rati ° °< P-mary to secondary." or -primary to 

zJVTJ^ 0< H thS . additiV9 Composition of the P resent inv ention. the primary to secondary ratio in the 

Zut T^TT^T 13 W ' ,hin ran " ° f 3b0Ut 1:1 10 ab0ut 5:1 " preferabl ^ ^in^h. range of 
about 1 .7. 1 to abbut 3.5: 1 . and more preferably, w.thin the range of about 1 .7: 1 to about 2 51 

ar 0 ^'fnL^ M m ' Xed P rimar y /SQCOndar y dialkyldithiophosphates should be an amount that will 

SZJ «# T ^ C ° ntem th8 ' UbriCating 0H com P° sltion n °t Skater than 0.1 wt%. based upon the 

£2 amlnt TT °'' C ° mp0S ' ti0n - Preferab, V' »• ™ dialkyidithiophosphate should be preseTin a 

anlTabLt C c? ST ! ^T™ C ° nt8nt in the ' ubr ' Catin 9 0,1 cbmpos.tion that falls within the 

bout 0 08 wt« b LT f ° Ut °'° 9 W,% ' "* m ° St Pref6rab,y Within the ranae of about wt% to 
about 0.08 /vt a. based upon the weight of the lubricating o.l composition 

mJ£ « P T C T d 1 / 2 ' m °' ar rat *° m thS ZDDP US6d ,n the present inven ^n is important when one 
n shed o, i r-Vf ,8Ct °' T Ph ° SPh ° rUS C ° nt6nt in the additive com P°^i- at such a levet ^at a 
bout 1 w ' ofTe 9 ^ ef, rt eCti ; 9 1 , a : 0unt « the compos '^ n ha * a Pho-Phoru, content of not greater than 

about .1 ^t of the f.n.sned o.l. If the total phosphorus is decreased, then in accordance with the present 

ToTJ s n n P s T n r ea : b6 ma ' mained by inCreaSmg the 2 ° Character <* ^ ZDDP. Such an adiuSn 

c^*Zr \ I 93 b6mg equa '- 33 the totaJ P^sP^rus decreases, increasing the secondary 

2 ° h f th ° ZD ° P provides le « ™* ^ss of an effect in terms of counteracting the .ossTwea^ 
ITJ ZnT 3b0Ut bV * he redUCt, ° n " phosphorus - ™° Prescribed ratios of 1 • to 2 • character Le 
manln " ^ ° f USmg ,h6 m,mmum amount of 2 ° character ,n the ZDDP^o 

ZTnZ^Z *° T de ' eteri0US effSCt ° f th9 the 2 ° ZDDP on fri « ion Performance), with n 

total P nn? hn T ° 1 1,18 ZDDP {le - at50ut 1:1 t0 about 5:1 > *e ratio will increase as The 

total pnospnorus (,n terms of the oil) approaches about .1 wt%. and will decrease as the phosphor^ev* 
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approaches aoout 06 wt °' a At a i ■•■?<> 

,f any aClty to decrease*: tota! ^Z^"^ * *° 

of i . :2 . of about i:,. ,t becomes ^ 0,1 M the lowe ' 

s "Ts^o nT re9arQ,eSS mUCh 2 ' -3^°^; -nte ZDDP " ^ ^ ™ »» 

^■ca. ,s aenvea from liquia po, yis0 butenes c n^n, ' cm" o Z c^T"' 06 ' ,he ^ 

an 0,,-soluble nitrogen contain.ng comoos.t.on The Tninll^ , Sucn a succin>mide is 

an. Among such art are U.S. Patents 3 ,7^892 ^ ^ 7^ a^iTeST ' d ' SPerSamS * kn ° W " in *° 
■o are .ncorporawd here.n by reference. For InT^t * aisc,0sijr " of these patents 

by reacng a substantia,^ aliphatic olefin ^^t^^^^JT^^ com ^ is formed 
least about 50 aliphat.c carbon atoms ,n i^^^^L^^ C0m P°^ h«ing at 

' 5 °' - "sS^^^ * - —g 

NH, R - NHj , wherein R ^a^^ n r^ 9 ^^ g ^^2 e '' 2 4 ky,e ^ diammes havin 9 ^VsSre 
» polyalkyleneam.nes. sometimes referred t as aZenl oolvLlc ^ at ° mS - 3nd the 

generally have the structure H : N~<R~NH, n H ZTr^TZI, °/ P ° ,ya,k V ,ene P°'yam.nes. which 
to about 4 carbon atoms and „ is an meger Tom f 0 « nvd ™ a '°°n group containing about 2 
ammes. ethylene ammes. butylene ami ? „ , Representative am.nes include methylene 

tr.ethy,ene tetraam.ne. propane d^mine w 360131809 3m,nes - «W™ 22? 

» < he * a ^y<ene,triam,ne.Zo^ ^ethylene diamine £ 

taethyiene hexamine. di(trimethy,eneKnam nT £. T^2S 'TT," 6, tn ' methylene diamin * 
pentam.ne (TEPA). ^ et " A Purred polyalkylene polyam.ne is tetraethylene 

an am^~: n uo^ fS^X^** T C ° mP ° S,ti ° n ° f «» P ^ ~ in 
» ^ast about .5 wt % by we,ght of *™ c 2£T^ " ^ ^ C ° mP ° Srti0n « 
max.mum amount of succnim.de is an economic Sn^^^J? r3n9e ' S ab ° Ut 5 t0 *»* 35 
However the reauirement of at least .5 wt% Tcn«c7ZZ lT Cnt ' Cal " invention, 

advantage of pass.ng frict,onai tests, in pariSJ^JZ C? l™ 1 "* fa " ( ° Pr ° V,de the des '«* 

we.gnt of the lube oil. in combination w.th the X ^! a i" fi 1? ' 71 pnos e ho ^ ^vels of less than ., by 
m in addition to the reamrempotc I? ! J bussed above, are employed. 

composes suffice. T^ Q ~ Z^^T^ " * ^ ~ 

• *. S^r^js^ the r ,red tbn in - — ~- of 

or b as i C me ta, saus of petro.eum ( C ^^^■'''''T ^ SU ' f ° nateS " " 0rmal 
suifon-c acids. The phenates are normaHr bas c sal t S of T> ^ ^ SUbSt,tued ben2 «"« 
alkyiohenol-aldehyde condensation products A no ™V , aikylphenols. alkylphenol sulfisides. and 
stcchiometnc amount of metai required for th« n!T S3lt ° f an 3Cid is 3 salt ^ contains^ 

- acd. A bas,c salt or overbased ^T^XZZZT °' ^ ^ ° r ^ s ^ ^e 
neutralize the acdic group or group pre It ^h le th Z!.^ " t0 ^-^-^tcaUy 

prov.de detergent propert.es for lubricatm^ ^1 composi tnl TZ SUlf ° nateS ^ phenate * 

salts prov,de unusual.y high detergent poZZT^^^^ * SUP6rbasic or 
acme contaminants than do the normal 7ultoa£HE^2; t ? mUCh Capadty t0 neutra,i « 

so prepared by m.x.ng a promoter, catalyst ^or sdven, wim a norm, f ^'"^ ° VerPaSed S » ifo ™* i« 
base, followed by heating, catenation and t Ut^Ln rl * ^ 3 lar 9 er ex «ss of metallic 

conveniently with caroon dioxide and ^ J , , Carb0nat,on of the action mass is accomplished 
dispersed as meta, carbonaT.n he meZ'Tola EST r « ™* b ™ «S 

alcono.s. ketones, and alkanolamines canhTZ Jf' aC,dS ' ° f phos P h ° r ^. alcoholates 

w bas,c compounds of alkaline eanh met a.s such " ^ meta,,ic *~ S " 

su.fonates are discussed thoroughly Tn ,he D S £ I T a ! IUm ' ^ ma 9 nes '^- Overbased meta!" - 
Appiicat.on GB 2.082 61 9A and i ?! P ^^P' 63 of S "C" art are: United Kingdom PatJm 

^•137,84; 4.261.840: and 4^2 ^ 2 - 865 ' 956; 2 ' 956 -° ,8; 2 - 671 ' 430 = 3.779.920^2?! 



I 

? The overoasea metal onenstes are cresenteo m trie prior art. Typical examoies of the cnor art are U.S. 

' Patents 2.530.096: 3.026.917: 2.:73.363: 2.194.761: 3.437.595: 2.464.910: 3.779.920: and 4.518.807. 

In a preferred emooaiment of the present invention the reauced-pnoschorus aacitive composition 
'urtner comprises borcn sufficient to prcviae within the range of from aoout 100 to about 600 ppmiwt.) 
; boron in the finisnea oil containing the additive composition of the invention. Optionally, the additive 
composition may contain an accitionai cisDersant ccmorising at least on member of the group consisting of 
.Mannich and succinate ester-amioe (SEA) disoersant m an amount sufficient to provide preferably up to 
about 5 wt% of the second dispersant in the finished oil. 

The succinate ester-amtoe aisoersant can be prepared in accordance with techniques which have been 
■o disclosed in the an (See for exampie U.S. Patent No. 4.426.305) by reacting an aliphatic hyorocaroon 
substituted succinic acid annyonce with an oxyaikyiated amine. 

The long chain aliphatic hydrocarbon-substituted succinic acid compound that is used in {he preparation 
of the second dispersant can be obtained by reacting an ethylenically unsaturated dicarboxylic acid 
compound (acid or anhydride), sucn as maleic acid, maieic anhydride, or fumeric acid, with a suitable olefin 
•s or haiogenated olefin at a temcerature within the range of about 100°C to 300 "C. An aikenyl or alkyl 
substituted succinic acid or annyonde is produced. The unsaturated groups in the aikenyl group can be 
removed by standard hydrogenated techniques. The olefins or haiosubstitued olefins contain from about 8 
to 'about 500 carbon atoms, or more, and can include homopoiymers and copolymers of monooiefins. such 
as ethylene, propylene. 1-butene, isobutene. and the like. However, any of the techniques known in the art 
20 can be employed to produce this long chain succinic acid compound. 

The oxyaikyiated amine suitable for reaction with the above described long chain aliphatic hydrocarbon 
succinic acid compound can be prepared in accordance with known methods by reacting an alkylene oxide 
with an amine having primary cr secondary amine groups. Suitable amines are alkylene diamines having 
the structure NHrR-NHj, wherein R is an aikylene group having from 2 to 24 carbon atoms, such as 
25 ethylene. 1, 2-propylene. trimethylene. hexamethylene, dodecamethylene. tetracosene, etc. Also suitable 
are the so-called polyaikyieneamines. sometimes referred to as alkylene polyamines or polyaikylene 
polyamines. These generally have the structure HjN— (R-NH)„H, where R is an aliphatic hydrocarbon group 
containing about 2 to about 4 carbon atoms and n is an integer from 1 to 6. Representative examples 
include ethylenediamine. 1 ,2-propylenediamine. 1 ,2-butylenediamine. 1 ,3-prppanediamine. 
jo diethylenetriamine. triethylenetetramine. tetraethylene pentamine (TEPA), etc. 

Suitable hydroxyalkylating reactants include halohydrins and vicinal epoxies (olefin oxides) having from 
2 to 4 carbon atoms in the alkylating agent, such as ethylene oxide. 1, 2-propylene oxide. 1, 2-butylene 
oxide. 2-chloro-l, ethanol. 2-chloro-l-propanol, 3-bromo-l-prophanol. and 4-chloro-butanof. The hydroxyal- 
kylating agents can be used in a concentration of about 2.0 to 6 moles per mole of amine, and 
35 hydroxyalkylation can be carried out under conventional conditions, i.e.. by reaction at 50 "C to 300°C for a 
period of time within the range of 1 to 10 hours. 

Subsequently, the long cnain aliphatic succinic acid comppund is reacted with the N-substituted 
hydroxy alkyl diamine under conditions that are normally emoloyeo in the art and at a temperature within 
the range of aoout 0"C to about 250°C. A solvent, such as benzene, toluene, naphtha, lube oii. xyiene. and 
■K) normal hexane. can be used to facilitate the control reaction. 

As stated above. »he optional second dispersant may also be a Mannich dispersant. Mannich disper- 
sants made from hydrocarbon substituted phenols, formaldehyde and amines are well known in the patent 
literature. See U.S. Patent Nos. 3.413.347; 3.725.277; 3.368.972: 3.798.165: 3.697,574, and 4.426.305. 
These patents are incorporated by reference. 
•»s The optional second dispersant (Mannich or SEA) can be present in the lubricating oil composition in an 
amount within the range of about 0 wt % to about 5 wt%. preferably, within the range of about 0 wt% to 
about 3 wt%. 

As stated above, the additive composition of the present invention preferably ccntains boron in an 
amount such that a lubricating oil containing an effective amount of the additive composition, will have a 
so boron content within the range of about 100 ppm(wt) to about 600 ppm(wt) boron. The preferred boron level 
is about 150 to about 450 ppm(wt) in the finished oil. The presence of boron is preferred for the protection 
of fluorinated elastomer hydrocarbon seals, and also enhances the anti-wear properties of the additive 
composition, especially where TBN is suoplied by high-based calcium sulfonate. The latter is known to 
: deleteriously effect the wear protection afforded by zinc dialkyldithiophosphate. Provided a sufficiently low 

55 of calc ' um t0 magnesium high base sulfonate is present in the additive formulation of the present 

. invention, the presence of boron may noT be reauired. However in the additive formulation of the present 

invention, boron is preferably present in an amount sufficient to provide about 150 ppm(wt) to about 450 
ppm(wt) in the finished oil. 
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Boron may oe .ntrooucefl :n'to the accitive comoosition .n acccrcancs with ccnventionai techn.oues. For 
example A boron compouna. sucn as boron oxiae. boron aihaiiaes iboron tnfluoride. coron tnbromiae. 
boron tncnoionae). boron aacs. sucn as tetrabonc ac.d ana metaoonc ac:d. ana simcie esters of the boron 
aads can be reacted with the succin.m.de. SEA or Mannich disDersants aiscussed aoove at a temperature 
within the range of about 50 'C to about 250 °C. preferaoly from aDOut 100°C to about 170°C. with a 
sufficient concentration of boron compound to yield a boronatea dispersant product containing at least 
0.15". by we.gnt coron <exauamg lube oil). The boron compound can be reacted in a ratio within the range 
of about 0.1 to 10 moies cf boron comDOund for equivalent of dispersant compound. The reaction can be 
carried out in the presence of diluent or solvent. Alternatively, a portion of the succmim.de. Mannich or SEA 
dispersant intended for the aaditive composition of the invention may be segregated and heated with a 
boronating agent to introduce a higher level of boron than would be desired in the final dispersant. This 
overboronated product can then be blended back into the unboronated dispersant to achieve the desired 
level of boron. 

The additive composition of the present invention may contain other additive components, such as 
viscosity inaex improvers, pour point depressants, and antioxidants. 

The aaditive composition of the present invention comprises a mixture of several additive components, 
some of which are manaatory and some of which are optional. This blend or mixture is prepared easily by 
introducing one or more of the components into another component. It is not critical that a particular 
component be added to another particular component, i.e.. there is no particular sequence which must be 
used when adding the vanous components in preparing the blend. As noted hereinabove, the blend is a 
composition that will provide antiwear and friction retention properties to the lubricating oil to which it is 
added while minimizing the onosDhorus level in that particular lubricating oil composition. 

The additive composition of the present invention can be added to a petroleum oil or synethetic oil of 
lubricating viscosity to provide antiwear and friction retention properties while minimizing the amount of 
phosphorus in the resulting lubricating oil composition. The additive composition of the present invention is 
quite suitable for addition to a lubricant that is being employed in heavy duty vehicles, such as those used 
in military operations. Lubricating oil compositions containing the additive composition of the present 
invention provide suitable anti-wear and friction retention properties. In addition, they contain only a limited 
amount of phosphorus and. consequently, minimize the phosphorus content in the engine and thus extend 
the life of the catalyst in the catalytic converter of the automobile. Typically, the additive composition of the 
present invention will be present in the lubricating oil composition in an amount that is within the range of 
about 9 wt% to about 12 wt%. based upon the weight of the lubricating oil composition. More particularly, 
the additive composition is present in the lubricating oil composition in an amount that is within the range of 
about 10% to about 11 wt%. based upon the weight of the lubricating oil composition. 

The scope of the present invention includes concentrates cf the additive composition. Such con- 
centrates are made up of about 90 wt% to about 10 wt% of an oil having lubricating viscosity. The 
concentrates contain the additive composition plus a suitable diluent. Typical diluents are inert diluents. 
preferaDly an oil of lubricating viscosity, so that the concentrate may be mixed conveniently with the 
lubricating oil that will make uo the desired lubricating oil composition. Lubricating oils that are suitable as 
diluents typically will have viscosities that are within the range of about 35 Sayboit Universal Seconds 
(SUS) at 100"F (38'C) to about 1,000 SUS at 100"F (38«C). While any oil of lubricating viscosity can be 
used as the diluent for the concentrate of the present invention, suitably, the oil of lubricating viscosity in 
the lubricating oil composition can be employed as the diluent in the concentrate. 

Lubricating oils that are suitable for use in the lubricating oil compositions and concentrates of the 
present invention are oils of lubricating viscosity and are either petroleum oils or synthetic oils. The 
petroleum oils can be paraffinic. naphthenic. or even halogen-substituted hydrocarbons. Typical synthetic 
oils are those comprising synthetic esters, diester. ethers, polyolefins. or combinations thereof. These oils of 
lubricating viscosity will have viscosities that fall in the range of about 50 SUS to about 5.000 SUS at 100«F 
(38 a C). preferably viscosities in the range of about 50 SUS to about 2.000 SUS at 100'F (38«C). and more 
preferably, viscosities in the range of about 80 SUS to about 1,000 SUS at 100"F (38°C). 

Thus, in accordance with the present invention, there is also provided a lubricating oil composition, 
which lubricating oil composition comprises a major portion of an oil having lubricating viscosity in 
combination with a minor portion of an additive composition as described above. 
_ The following examples are being presented for the purpose of illustration only and are not intended to 
limit the scope of the present invention. 
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£.-<amcie I 



A preferred embodiment of the iubncating cii accitive ccmcosition of the present invention was 
preoarea. This embodiment had the composition presented hereinoelow in Table I. This additive was then 
introduced into a Mid-East base stock. The resulting luoncating ci! composition had an SAE grade of 15W- 
■10. The additive composition made up 10.3 wt% of the lubricating oil composition, which had a TBN of 
about 10. The lubricating oil comoosition aiso contained 4.1 wt% Viscoplex 2-50 viscosity maex improver 
obtained from Rohm-Oarmstadt. The concentration of each of the components of the additive composition 
m the lubricating oil composition is also provided m Table I. The additive composition contained 1.700 ppm- 
(wt) boron, while the SAE 15W-40 oil. identified hereinafter as Sample No. 1. contained 180 ppm(wt) boron. 
Furthermore. Sample No. 1 contained 784 ppm(wt) phospnorus. The molar ratio of primary to secondary in 
the zinc dialkyldithiophosphate was 4.4 

TA3L£ I 

PREFERRED ADDITIVE COMPOSITION 



Concentration (wtis) In 
Additive Component Addi tive Sample No. 1 

Boron (ppm,wt.) 1700 180 

Succir.imide Dispersant 56.80 5.85 

Zinc Dialkyldithio- 
phosphate Wear Inhibitor 9.71 1.00 
(1°:2° molar ratio=4.4) 

High-Base Magnesium Sulfonate 

Rust Inhibitor .. _ 10.68 1.10 

High-3ase Calcium Sulfonate 

Rust Inhibitor 6.79 0.70 

High-Base Sulfurized Calcium 

Phenate Inhibitor/Detergent 11.46 1.18 

Alkyi DiaryJ.amine Oxidation 

Inhibitor 3.40 0.35 

100N Base Oil 1.16 0.12 

100.00 10.30 

The SAE 15W-40 oil. Sample No. 1, was subjected to various standard tests, which included the 
Seguence IID Test to evaluate antitrust properties: the Seauence HID Test to evaluate oxidation inhibition, oil 
consumption, and wear; the Seguence V-0 Test to evaluate engine cleanliness and wear: the CRC 1-38 
Test to evaluate non-ferrous bearing corrosion and shear stability; the Caterpillar 1G2 Test to evaluate 
diesel piston cleanliness: the Caterpillar TO-2 Test to evaluate power shift transmission friction retention; the 
Detroit Diesel 6V-53T Test to evaluate piston deposits and wear: the Detroit Diesel Allison C-3/Friction Test 
to evaluate transmission friction retention; and the Detroit Diesel Allison C-3/Seals Test to evaluate seal 
compatibility. The results of these tests are presented hereinbelow in Table II. 
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TABLE II 

TEST RESULTS FOR SAE 15W-40 OIL SAMPLE NO. 1 



"es; 



Evaiuat ion 



Result: 



CRC L-38 

Bearing wc los: 
(40 uig max) 



ncn-Fe corrosion pass 

5 . 6 



Sequence IID 

Ave rust {8.5 min) 



rust 



pass 
8.57 



Sequence HID 

Viscosity increase 

(375% max) 
Avg sludge (9.2 min) 
Piston varnish (9.2 min) 
Ring land face varnish 

(2.8 min) 
Oil cons (6.38 qt max) 
Wear 

Max (0.0080 in) 

Avg (0.0040 in) 



oxidation/wear 



pass 
144 



9.68 
9. 42 
7.58 

3.47 

0.0014 
0.0007 



Sequence V-D 

Ave sludge (9.4 min) 
?i=zon varnish (6.7 ~ 
Avg varnish (6.6 min) 
Wear 

Max (2.5 mil) 

Avg (1.0 mil) 



— 1 / 



cleanliness/wear pass 

9.52 
8 . 20 
8.67 

0 . 4 
0 . 3 
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Top groove fill 

(S0°i max) 
.■< e i g r. c 5 c t o c a 1 c s m e r 

(3 00 max) 



ciesei cleanliness oass 



?7 : 



Ca -ere ilia- ~0-2 

Stopping time increase 
(15% max) 



ocwe r 



.ssmn oass 



13.4, 12.8 



25 



DD6V-53T 

Piston demerits (400 max) 
No. 2 5 3 ring demerits 

(13.0 max) 
Liner scuffing (12% max) 



scurr ma 



pass 
259 
3.3 

3.9 



DDA C-3/Seals 
so Buna 
•■- - Polyacrylate 
Silicone 



■iQ 



TLrr.e ;:.35 sec max) 
r.rrr-_~ { 75^1b-f- mm) 



seal compatibility pass 

OK 
OK 
OK 



.iciisiu.saicr. 



pass 
0.8 
73 

: i 



thA nrtLl! mP 1 ' WhiCh contained 3 P referr ed embodiment of the additive comoosition of 

the present .nvenaon. met all performance criteria of the tests. It is particularly noteworthy that acceptable 
wear protects was provded in the Sequence HID and V-0 Tests whUe acceotable pVrformance w« 

KSSa'^ CaterP,llar J 0 "' ^ A " iSOn C ' 3 T6StS - SamP ' e N °- 1 ' S 3 ~^ oiZ 

lubricating oil composition of the present invention. 



so 



55 



Example II 

Hiff/^ ° ther SA ! 0,1 ,ormula,ions - whi <=h contained similar additive compositions, except for 

f t l> m0UmS ° f hiQh - baS9 ma 9 nesium rust inh,bitor. were tested in a Sequence IID Test o 

rust inhibition response. These two oil formulations are identified hereinafter as Samole No. 2 and Sample 
No. 3. The results of these tests are presented hereinafter in Table III. 
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table ::: 

»i RES PONS 
MAGNES IUM SULFONATE RUST INHIBITOR 



IN'HIEI.TOM RESPONSE FOR HIGH-EASE 



25 



SAE I5vv-40 
Sample No. 

1 
2 
3 



(1) 



.ibitor Cone, 



1.10 
1.00 
0.92 



Sequence IID, 
Avg Rust (1) 

8.57 
8 .43 
8.30 



8.5 min is passing. 

20 inh,h? n eS6 reSU ' tS demonstrate that a concentration of 1.10 wt% of this high-base magnesium sulfonate rust 
■nh,b.tor was neeaea m the iubricating o,i composition to prov.de acceptable Sequence IID performance. 



30 



Example IN 

„,h^ r l e t S t E L^' 40 °" formulations were compared for the.r ox.dation inhibition responses when 

Sam^ No 0 ha.T"? '" D T6St SamP ' e ^ 1 W " pr6Sented in Tab,e ' ^nabove 

barnp.e No. 4 had a s.m.iar compos.t.on. but the alkyl diarylamme oxidation inh.bitor was replaced by a 

sulfur-zea ox.aation inhibitor. In Sample No. 5. a North Sea base stock (less stab.e than the Mid-ISt stock) 

was employed. The results are presented herembelow in Table IV > 



40 



45 



50 



55 



0 277 729 




Sa-cle No. 

■Aikyl dia r y iani r.e , vt 
Sui fu : i zed oxidation 



"hibi to:,'* - :. 1 - 



Mid-East: bass o:. 
North. Sea base oil 



0 .35 



0 . 80 



0.35 



Sequence HID Results 
Viscosity increase 

(375% max) 
Avg sludge (9.2 min) 
Piston varnish (9.2 min) 
Ring land face varnish 

(4.8 min ) 
Wear 

Max (0.00 80 in) 

Avg (0.00 40 in) 



pass 
144 

9 .68 
9 .42 
7.82 



0.0014 
0 .0007 



fail 
738 

9.64 

9.44- 

7.65 



0 .0080 
0 .0018 



tail 
17,156 

9 .55 
9.23 
7.03 



0.0034 
0.0012 



Neither Sample No. 4 nor Sample No. 5 provided acceptable Sequence HID oxidation inhibition. 
Additional oxidation inhibitors would be required to obtain acceptable performance. 

In each samole. the mixture of primary zinc diaikyidithiopnosphate ana secondary rinc diaikyl- 
dithiopnosDnate provided acceptable wear protection. 



Example IV 

The amount of borated succinimide dispersant was varied in additive compositions similar to that which 
was used in the Sample No. i . Each of the oil compositions containing one of these additive compositions 
was subjected to a Sequence v-0 Test to obtain the gasoline engine cleanliness resppnse for that 
formulation. The results are presented hereinbelow in Table V. 
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gasoline engine cleanliness response 



Sa~o I e No 



, 0 Succini.Tiide , wti> 5 .85 5 . 85 5 . 53 5 . 35 

Sequence V-D pass pass fail borderline 

Ave siucce 9.52 9.48 9.35 9.40 
(9.4 min) 

Piston varnish 8.20 7.81 7.82 7.91 
(6.7 min ) 

20 Avg varnish 8.57 8.27 8.20 8.94 

(6.6 min ) 
Wear 

25 Max (2.5 mil) 0.4 0.5 0.5 0.5 

Avg (1.0 mil) 0.3 0.5 0.3 0.4 

When the amount of the dispersant was reduced, poorer Sequence V-D sludge protection resulted 
However, acceptable wear protection was obtained in each test. 

30 

Example V 

In this example, the preferred embodiments of the lubricating oil composition of the present invention 
35 Sample No. 1 and Sample No. 6. were compared for diesel cleanliness to Sample No. 9. a similar additive 
composition but with a different detergent, and Sample No. 4. a similar additive composition but with ; 
different oxidation inhibitor. The different detergent was a low base calcium sulfonate. The differen 
oxidation inhibitor was a sulfurized oxidation inhibitor. The test method employed was the Caterpillar 1G: 
Test. The results are presented hereinbelow in Table VI. 

40 



4S 



50 



55 
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OliSZI '.'..-.Cr. INZ CLZ.-.NL INZS3 RZS?QN"SZ 

Cater oilier 1G2 

Additive Top Grccvs Weichted 

Compos ition Sample Mo. Fill Total Demerits 



Specification 80% max 300 max 

Invention 1 62 271 

Invention 6 5 4 373 
Option with different 

Oxidation Inhibitor 4 62 - 258 

Option with different 

Detergent 9 78 198 



SamDles Nos. 1 and 6. embodiments of the lubricating oil composition of the present invention, passed 
the specification for top groove fill: however, Sample No. 6 did not provide an acceptable value for weighted 
total demerits. On the other hand, the latter sample provided a small top groove fill. Each of the other two 
samples furnished acceptable diesei engine cleanliness response. 

Example VI 

This example demonstrates the applicability of the additive composition of the present invention to a 
single-grade lubricant. Sample No. 10 employed an SAE 30 weight lubricating oil derived from the Mid-East 
base stock obtained from the British Petroleum Company. An Acryloid 150 pour point depressant obtained 
from Rohm & Haas was also a component of Sample No. 10. This sample was subjected to a Sequence V- 
D Test. The results are presented hereinbelow in Tabie VII. Also shown in Table VII are the results obtained 
with Sample No. 1 . which is a multigrade oil containing a preferred embodiment of the additive composition 
of the present invention. 
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APPLICATION TO S IMGLZ— 3EADE LUBRICANT 



Cc~Dcner.: 



Sample Mo. 1 Sample No. 10 
(SAZ 15W-40) (SAE 30) 



Inver.cicn Additive 

Compos i t ion 
Visccplax 2-5G 
Acrylcid 150 
Mid-East base stock 



10.30 10.30 

4.10 0.00 

0.00 0.20 

85.60 89.70 



Results from pass pass 

Seqiemce V-D Test 

Ave sludge (9.4 min) 9.52 9.63 

Piston varnish 8.20 8.10 
(6.7 min ) 

Avg varnish (6.6 min) 8.67 8.64 
Wear 

Max (2.5 mil) 0.4 0.6 

Avg (1.0 mil) 0.3 0.4 

These results shown an acceptable Sequence V-0 performance for the single grade lubricating oil. 



Example VII 

Another embodiment of a lubricating oii composition of the present invention. Sample No. 11, w 
prepared and subjected to a Sequence V-0 Test and a Caterpiller 1G2 Test. Results of these tests i 
presented hereinbelow in Table VIII. Sample No. 11 contained 795 ppm(wt) phosphorus and 190 ppm(- 
boron. The results obtained with Sample No. 1 are also provided in Table VIII. Each of these samples was 
1 5W-40 lubricating oil composition and each contained an embodiment of the additive composition of t 
present invention. Sample No. 1 contained Viscoplex 2-50. obtained from Rohm Darmstadt. Viscoplex 1- 
is a dispersant polymethacrylate viscosity index improver. Sample No. 1 1 contained ECA 691 1 , obtain 
from Paramms. a division of Exxon Corporation, as a viscosity index improver. 
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Cc 



Additive Composition 
Viscopiex 2-50 
ECA-6911 

Mid- East base scock 



10 . 30 
4.10 
0 . 00 

85 . 50 



li .00 
0 .00 
7.75 

81 . 25 



Test Results 



30 



35 



<»5 



50 



Sequence V-D 

Avg sludge (9.4 min) 
Piston varnish (6.7 ruin) 
Avg varnish (6.6 rain) 
Wear 

Max (2.5 mil) 

Ave (1.0 mil) 

Cizeroiliar 1G2 

Top c reeve fill (80° : ma:-:) 



2C0 



pass 
9.52 
8 . 20 
8.67 

0.4 
0.3 

pass 
5 2 
~>1 ' 



pas s 
9.64 
7 .65 
8.39 

0.7 
0 . 5 



232 



Eacn of these embodiments of the lubricating oil composition of the present invention provided 
acceptable Sequence V-D test performance and Caterpillar 1 G2 test performance. 



Example VIII 

Two additive compositions were prepared and were added to a Mid-East base stock to provide 15W-40 
grade lubricating oil compositions. One additive composition was an embodiment of the present invention 
and. when added to the base oil. resulted in lubricating oil Sample No. 12. The other was a prior art additive 
composition and resulted in lubricating oil Sample No. 13. The primary to secondary molar ratio in the zinc 
dialkyldithiophosphate for Sample No. 12 was 1.7. Samples 13. 14 and 15 contained only primary zinc 
dialkyldithiophosphate. 

Each lubricating oil composition was evaluated in Sequence 1IIO. Sequence V-D. and Kombi Tests for 
wear performance and in Caterpillar TO-2 and Detroit Diesel Allison C-3 (15-1 plates) Tests for friction 
performance. The results of these tests are presented hereinafter in Table IX. 



55 



0 277 729 



COMPARISON OF FRICTION AND WEAR PERFORMANCE OF 
NEW AND PRIOR ART OILS 

Sample No. 12 Sample No. 13 

Compos i t ion 

v-K 0.08 0.11 



320 2G0 
°.r mrbr r = Hio 1.7 all 1° 



.-T:C5pr.oru5, .v _ -j 
Boron, opr. (wt) 
ZDDP l 2 :!^ molar ratio 
SEA dispersant 3 0 

Succinimide dispersant 3 0 

TBN 10 10 



Wear Performance 
Sequence V-D 

Max (2.5 mil) 

Avg (1.0 mil) 
Sequence HID 

Max (0.0080 in) 

Avg (0.0040 in) 
Kombi 

Cam wear max (<3.0) 
avg (<1.5) 

L^ner wear max (<1.2) 
ava (<0.5) 



pass 

0.5 

0.4 

pass 

0.003 

0.002 

pass 

1.1 

0.6 

0 . 5 

0 . 2 



pass 

0.9 

0.8 

pass 

0.006 

0.004 

pass 

2.0 

1.3 

1.0 

0.2 



ii;„:ipi;ig lime Inc (15o max) 
Detro'i- Diesel Allison C-3 
iL5-l plates ) 



Z> — i e 

Torque (30 min) 

Del r.a Tcrcue (30 max) 



pass 



11, 



pass 
0.72 

89 

13 



pass 
.0, 13, 15 

caii 

0.83 
60 
23 
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ts 



20 



25 



40 



4S 



50 



TA3LZ IX 
( Cont ' d) 

Sar.cle Mo. 14 Samel 5 Mo. 15 

Compos i z i on 

Phosphorus, wt5 0.11 0.11 

Boron, ppm(wc) 200 350 



DD? 1 :2° molar ration all 1° all 1 



SEA disDersant 



frict ion Performance 
Cacerpiller TO-2 

Stepping Tims Ir.c (15a max) 
^i=ss. Allison C - 3 
( 15-1 plates) 
Slipr. ime (0.75 max) 
7-:-que (30 mi:: ; 
Celt: a Torque (30 max) 



o 



3 b 



Succinimide dispersant 0 0 

T3N 10 10 

Wear Performance 

Sequence V-D Fail 

Max (2.5 mil) 3.0 

Avg (1.0 mil) 1.3 

Sequence HID — — 
Max (0.0080 in) 
Avg (0.0040 in) 

30 Kombi Fail Fail 

Cam wear max (<3.0) 2.8 2.-4 

avg (<1.5) 1.8 1.6 

as Liner wear max (<1.2) 0.7 0.5 

avc ( <0 . 5 ) 0.2 0.1 



The SEA dispersant was prepared from propoxylated hexamethylenediamine and Indopol H-1500 
polybutenes obtained from Amoco Chemicals Corporation. The succinimide dispersant was also prepared 
using Indopol H-1500 polybutenes. _ 

5 5 These results demonstrate the superior wear performance and friction performance provided by the 
lubricating oil composition containing the embodiment of the additive composition of the present invention, 
i.e.. Sample No. 12. When compared to Sample No. 13. its wear performance was equivalent to that of 
Sample No. 13 in the Sequence 1 110 Test and better than that of Sample No. 13 in the Sequence V-0 Test 
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and the Komb, Test. Furthermore, the friction performance of Samoie No. 12 was eaual to that erf ! Sampie 
No. 13 in the Caterpi.lar TO-2 Test and better than that cf Sampie No. 13 ,n the Oetroit D.esel All.son u-3 

While the emboaiment of the additive comoos.t.on employed .n Sample No. 12 contained both 
s ooly.sobutenyl succ.nim.de disoersant and the succ.nate ester-am.de discersant. use of the latter is optional 
in the adaitive composition of the present invention. 



10 



ts 



Example IX 

Additional lubricating oil formulations were prepared and tested for their friction performances in the 
Oetro.t Diesel Allison C-3 Test. The lubricating oil was a 15W-40 grade material derived from a h.gh-sulfur 
Mid-East base stock. The results are presented hereinbelow in Table X. 

TABLE X 

ADDITIONAL FRICTION PERFORMANCE 



Samole No 



14 



ID 



16 



17 



20 



Component 

Viscosity index improver 
25 Succinate ester amide 
Succinimide 
Mannich 

30 Zinc dialkyldithiophosphate 
(1°:2° molar ratio=1.7) 
Kigh-base sulfurized calcium 

phenate 
Low-base calcium 

sulfonate 
Higft-base magnesium 

sulfonate 
High-base calcium 
sulfonate 
45 Alkyl diarylamine 
Diluent, SX-5W oil 
Boron, ppm(wt) 



35 



40 



50 



55 



PDA C-3 Test Results 
Slip Time ('0.85) 
Torque ('■■15 lb-£t) 
Delta loraue (OO) 



8.0 

2.90 

3.68 

1.06 

1.30 

0.40 

1.00 

0 .70 

0.40 
0.1 

226 

pass 
0.78 
86 

16 



8.0 

6 .58 

1.06 

1.30 

0.40 

1.00 

0.70 

0.40 
0.1 

226 

pass 
0 . 78 
84 

1 2 



8.0 
6 .58 



1.06 

1.30 

0 .40 

1.00 

0.70 

0.40 
0.1 

226 

fail 
0.85 
70.5 
3.5 



8.0 

6.58 
1.06 

1.30 

0.40 

1.00 

0.70 

0.40 
0.1 

226 

fail 
0.91 

SO' ' 
'49 
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Sarr.oie Nc . 


18 


1 9 


^ U 




Component 










Viscosity I. id ex T i~n rr^-vp ^ 




o . U 


8 . 0 




Succinate ester amide 




0 ■ 3fl 




'0 


Succi nimide 


6 . 58 






Mar.nich 






0 . SO 




Zir.c dialkyldithicphosphate 


1.06 


1 0 6 


1 • 'J D 




(1 :2 mo.Lsr racic=1.7) 








15 


High-base sulfur ized calcium 
phenate 


1.30 


i i n 

J- • o u 


1 • jU 




Low-base calcium sulfonate 


0 . 40 


0.40 




20 


Hich- base maanesium sulf onat - ? 


i no. 


1 . uu 


1.00 




Kich-base calcium sulfonate 


0.70 


0 . 70 


0.70 




Alkyi diarylamine 


0.40 


0 . 40 


0.40 


25 


Diluent, SX-SW oil 


0.1 


.0.1 


0.1 




Boron, ppm(wt) 


226 


226 


226 



PDA C-3 Test Results 



30 



35 



Slip Time (<0.85) 
Torque -( >-7 5 lb-ft) 
Delta Torque (<30) 
Plate batch 

Samples Nos. 14. 15 and 17 contained the additive composition of the present invention. Of these, only 
Sampie No. 1 7 provided unacceptable friction performance. 



fail 
0.82 
66 
6 

16 



fail 
0.81 
59 
19 

16 



fail 
0.92 
49 
19 

16 



40 Example X 

Additional lubricating oil formulations containing embodiments of the additive composition of the present 
invention were prepared and tested for wear performance in the Sequence HID and Sequence V-0 Tests 
and for friction performance in the Detroit Diesel Allison C-3 Friction Test. The results of these tests are 
presented hereinbelow in Table XI. The molar ratio of 1*:2° in the zinc dialkyldithiophosphate to phos- 
phorus from secondary zinc dialkyldithiophosphate is about 3.9. 
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BEST AVAILABLE COPY - 





: .— 


-1 f 


- • — 




i "i:iace esci: amide 




J 


J 


0 




n - 


5 . -= 


; /i 








0 . r> 


■j . 3 


C .9 


{ ' " : -oi J r '- = r-4o=3.9) 










Aikvi dia r y i ?.mi ne 


0.5 


0 


0 


0 . 4 


-ioh-beS a s ■ > 1 = u *■ i r a d <~a ** " u 


-J 

t . '. — » £• 


1 . 2 


1 . 2 


1 . 2 












Low-base calcium sulfonate 


r. 

o • 


4 0.4 


0 . 


4 4 


Samole No. 


19 


20 


21 


22 


High-base calcium sulfonate 


0 . 6 


0.6 


0.6 


0.7 


High-base magnesium 


0 . 9 


0.9 


0.9 


0.9 


sulfonate 










Diluent, SX-5W oil 


0 . 1 


0.1 


0.1 


0.. 1 . ... 


Sulfurized oxidation 


0 


0.6 


0 . 5 


0 


inhibitor 










TEN 


10 


10 


10 


10 


Phosphorus, ppm(wt) 


700 


690 


710 


670 


Boron, ppm(wt) 


180 


160 


165 


160 


Wear Performance 










Sequence V-D 


pass 


pass 


pass 


pass 


Max (<2.5) 


0.6 


0.5 


0.5 


0.5 


Avg (<L.O) 


0.5 


0.4 


0.4 


0.3 


Sequence HID 




pass 




pass 


Max (<0.0080) 




0 .007 




0.0014 


Avg (<0.00 40) 




0.003 




0.0007 


Friction Performance 










DDA C-3 Friction 






pass 
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The results of these tests . show that the additive composition of the present invention provides 
acceptable wear performance ana friction performance at substantially lower phosohorus levels and boron 
leveis. in these tests, the Seauence V-0 Test wear passes consistently. The Seauence HID Test wear was 
obtained for two of the lubricating oil compositions and acceptable in eacn case. The Detroit Diesel Allison 
s C-3 friction performance was obtained for Sample No. 21 ana was found acceptaole. 

The results of the above examples indicate that the additive compositions of the present invention are 
effective in wear control while simultaneously accommodating friction response. The lubricating oils 
containing them, i.e.. the lubricating oils of the present invention, provide acceptable wear performance and 
friction performance while minimizing the amount of phosphorus in the engine emission system. 
jo As used herein 1 " denotes primary and 2° denotes secondary. 

Claims 

is 1. An additive composition for addition to an oil of lubricating viscosity suitable for passenger car and 
heavy duty use comprising: (a) zinc dialkyldithiophosphate having both primary and secondary character 
such that the primary to secondary ratio is about 1:1 about 5:1. said mixed primary/secondary zinc 
dialkyldithiophosphate being present in the additive composition in amount such that a lubricating oil 
containing an effective amount of said additive composition has a phosphorus content of not greater than 

20 0.1 wt %; (b) a succinimide dispersant: and (c) a total base number (TBN) such that a lubricating oil 
containing an effective amount of said additive composition has a TBN of at least 8. 

2. An additive composition according to Claim 1. wherein the succinimide is present in the additive 
composition in such amount that a lubricating oil containing an effective amount of said additive composi- 
tion will comprise at least about 0.5 wt % succinimide. 

25 3. An additive composition according to Claim 1 or Claim 2. wherein said mixed primary/secondary zinc 
dialkyldithiophosphate is present in the additive composition in amount such that a lubricating oil containing 
an effective amount of said additive composition has a phosphorus content within the range of about 0.06 to 
about 0.09%. 

4. An additive composition according to Claim 3 wherein said mixed primary/ secondary zinc dialkyl- 
30 dithiophosphate is present in the additive composition in amount such that a lubricating oil containing an 

effective amount of said additive composition has a phosphorus content within the range of about 0.07 to 
about 0.08%. 

5. An additive composition according to any preceding claim having a boron content such that a- - 
lubricating oil containing an effective amount of said additive composition has a boron content within the 

35 range of about 100 to about 600 ppm by weight of the oil. 

6. An additive composition according to Claim 5 wherein the boron content is within the range of about 
150 to about 350 ppm. 

7. An additive composition according to any preceding claim further comprising a dispersant which 
comprises at least one member selected from succinate ester amide dispersants and Mannich dispersants. 

40 8. An additive composition according to any preceding claim which comprises one or more basic 
compounds selected* from overbased Group I and Group II metal phenates and overbased Group I and 
Group II metal sulfonates. 

9. An additive composition according to any preceding claim having a TBN such that a lubricating oil 
containing an effective amount of said additive composition has a TBN which is within the range of from 

*s about 9 to about 1 2. 

10. An additive composition according to any preceding claim wherein said succinimide is the reaction 
product of a polyalkylene polyamine and a long chain alkyl substituted succinic acid or anhydride. 

11. An additive composition according to Claim 10 wherein the polyalkylene polyamine is TEPA. 

12. An additive composition according to Claim 1 having a TBN. phosphorus and boron content such 
so that a lubricating oil containing an effective amount of the additive composition has a TBN of about 9-11. a 

phosphorus content of about 0.06 to about 0.09 wt %. and a boron content of about 150 to 450 ppm (wt). 
said additive further comprising a succinate ester amide dispersant. 

13. An additive composition for addition to a lubricating oil, comprising (a) at least one zinc dialkyl- 
dithiophosphate and (b) a succinimide dispersant wherein the total base number (TBN) of the composition 

s . 5 ...js of a value such that a lubricating oil containing an effective amount of said additive composition has a 
TBN of at least 8. characterised in that component (a) has both primary and secondary character such that 
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the primary/secondary ratio is about 1:1 to about 5:1 and is present in an amount such that a lubricating oil 
containing an effective amount of said additive composition has a phosonorus content of not greater than 
0.1 wt %. 

14. A lubricating oil composition comprising a major portion of a base oil of lubricating viscosity in 
5 combination with a minor portion of an additive composition as claimed in any of Claims 1 to 1 3. 

15. A lubricating oil composition having a maior portion of a base oil of lubricating viscosity in 
combination with a minor portion of an additive composition, the latter comprising (a) zinc dialkyl- 
dithiophospnate having both primary and secondary character such that the primary to secondary ratio is 
about 1:1 to about 5:1. said zinc dialkyldithiopnosphate being present in the additive composition in and 

iq amount such that a lubricating oil containing an effective amount of the additive composition has a 
phosphorus content of not greater than about 0.1 wt %; (b) a succinimide dispersant: and (c) a total base 
number (TBN) such that a lubricating oil containing an effective amount of said additive composition has a 
TBN of at least 8. 

16. A lubricating oil composition according to Claim 15 wherein said succinimide is present in said 
'5 additive composition in an amount sufficient to provide at least 0.5 wt % succinimide in said lubricating oil 

composition. 

17. A lubricating oil composition according to Claim 15 or Claim 16 comprising a boron content of about 
1 00 to about 600 ppm (wt). 

18. A lubricating oil composition according to Claim 17 comprising a boron content within the range of 
20 about 1 50 ppm (wt) to about 400 ppm (wt). 

19. A lubricating oil composition according to any of Claims 1 5 to 18 wherein said additive composition 
further comprises a succinate ester amide dispersant. a Mannich Dispersant or mixture thereof. 

20. A lubricating oil composition comprising a base oil of lubricating viscosity, an effective amount of 
(a) at least one zinc dialkyldithiopnosphate and (b) a succinimide dispersant and having a TBN of at least 8. 

25 characterised in that component (a) has both primary and secondary character such that the 
primary/ secondary ratio is about 1:1 to about 1:5 and is present in an amount providing a phosphorus 
content not greater than 0.1 wt %. 
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